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ABSTRACT:
To study the variations of soil temperature in sandy soil and their relations to
Alfalfa plant growth, eight thermal sensors were placed in two sites at different
depths in a sandy soil at Ismailia Agricultural Research Station, and cultivated
with alfalfa crop (Medicago sative) under sprinkler irrigation. After the
plantation of alfalfa seeds, four plots were chosen for soil temperature (A, B, C,
and D); each one represented one meter square plot. Two sites; one between A
and B and the other between C and D plots were chosen to put the temperature
sensors at four depths of; 0.05, 0.10, 0.15 and 0.30 m. At the end of the
experiment, the average of the two sites was calculated for each depth. The
alfalfa plants were cut every 28 days for each plot (seven days apart in dual way
between the four plots) from January till October, where they equal 40 cuts/10
months.
The results revealed that soil temperature decreased at the day night until the
seventh to eightieth O’clock a.m., after sunrise it increased at the day light until
the third to fifth O’clock p.m. at the surface layers depth for the previous
months, while the values of the studied deepest layer (0.3m) decreased at day
night until the ninth to tenth O’clock a.m., and after sunrise, it increased until
the sixth to eighth O’clock p.m. after sunset.
The minimum soil temperatures were 6, 6.64, 6.07 and 9.33°C in February and
the maximum were 35.58, 34.83, 38.15 and 31.79°C in July for the
aforementioned depths, respectively.
Alfalfa dry weight (kg/m?) was positively significant correlated with the
average soil temperature through the period of cuts. The minimum dry weight
values (1.67 kg/m?) was at the 2" cut at the temperature average (13.20°C),
while the maximum values of dry weight (6.70 kg/m?) was at the 23" cut at soil
temperature average (26.20°C).
The available K, Mn and Zn showed no significant correlation with soil
temperature, while the available Fe was highly significant correlated with soil
temperature. There were negative significant correlations between plant NPK
concentrations and soil temperature, and this related to dilution with increase
plant growth, whereas the uptake of P and K showed positive and significant
correlation with soil temperature.
Key words: alfalfa crop, sandy soil, soil temperature.
INTRODUCTION:

Soil temperature is a factor of primary importance in determining the rates
and directions of soil physical properties and strongly influences its biological
processes, such as seed germination, seedling emergence and growth, root
development and microbial activity (Hillel, 2004). A change in soil temperature,
caused by a gain or a loss of heat from the soil, depends on the specific heat and the
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heat capacity of the soil. The range of soil temperature change for a given heat gain
or loss is governed by the heat capacity (Mclnnes, 2002).

Soil temperatures vary within a few 10s of cm and the latter at greater depths. The
transfer of heat in the soil at different thermal properties, coupled with radiations and
latent heat exchanges at the surface are the primary cause of variations in soil
temperature, (Hu and Feng, 2002). Soil surface temperature also represents an
important boundary condition for modeling the soil thermal regime or the surface
energy balance (Horton et al., 1984 and Kluitenberg and Horton, 1990).

The temperature distribution in three zones are distinguished; (1).Surface zone
reaching a depth of about 1m, in which the temperature is very sensitive to
short time changes of weather conditions, (2).Shallow zone extending from the
depth of about 1-8m (for dry light soils) or 20m (for moist heavy sandy soils)
where the temperature is almost constant and close to the average annual air
temperature. In this zone the temperature distribution depends mainly on the
seasonal cycle weather conditions, (3).Deep zone (below 8-20m), where the
temperature is practically constant and very slowly rising with depth according
to the geothermal gradient, (Popiel et al., 2001)

Talaat and Said (2008) mentioned that actual soil temperature of the studied soil
depths in the two measurement times decreased gradually with depth and increased
from the early morning (at 7.00 am) to reach their maximum values at 3.00pm for
the two upper soil layers (0-2.5 and 2.5-7.5cm) and 9.00pm and 12.00 (mid night)
in the two bottom layers (7.5-15 and 15-20cm) respectively. After that soil
temperature decreased gradually till 4.00 am (dawn). This indicates that the time
lag periods required for occurring the maximum temperature in the two bottom
layers were 6 and 9 hr, in the same sequence.

Concerning soil temperature and soil nutrients concentrations and plant uptake,
climate change can affect soil nutrient availability and plant nutrient contents
through affecting soil moisture, soil biological activity and plant growth. The
increase of soil temperature can increase soil organic matter decomposition and
mineralization rates (Rustad et al., 2001 and Emmett et al., 2004). However,
plant nutrient concentrations or accumulation will depend on whether plant
growth also increases. The increased temperatures may enhance soil microbe
activity, plant photosynthetic capacity and growth, thus enhancing nutrient
capture and increasing their retention in the ecosystem.

Several investigations indicated that, soil temperature influence on nutrient
uptake, metabolic processes and root and shoot growth (Engels and
Marschner 1992 and McMichael and Burke 1998). In many plant species,
nutrient uptake by roots decreases at low root zone temperatures (Toselli et al.,
1999; Vasilieva et al., 1999, and Weih and Karlsson 1999).

Moreover, the soil temperature influences nitrogen volatilization in organic and
inorganic compounds, such as N losses from surface-applied urea (Fenn and
Kissel, 1974 and Bouwmeester et al., 1985). Soil temperature and moisture
are the primary determinants of growth rate for seedlings and root pathogens of
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many crops (Hwang et al., 2000 a,b; Kraft and Roberts 1969 and Sippell
and Hall 1982).

The objective of this study is to through light on the variations of soil
temperature in sandy soil through many depths under alfalfa plants and their
relations to dry weight and plant nutrients.

MATERIALS AND METHODS:

To study the variations of soil temperature in sandy soil and their relations to
Alfalfa plant growth, as well as soil and plant nutrients. Eight thermal sensors
were placed in two sites at different depths in a sandy soil at Ismailia Agricultural
Research Station. The soil was cultivated with alfalfa crop (Medicago sative) that
planted in the first of November under sprinkler irrigation. Four square meter area
was chosen and divided into four parts (A, B, C, and D), each one represented one
square meter. Soil analyses are listed in Table (1).

Table (1): Particle size distributions and available nutrients of the experimental soil.

Fractions 0-20 |20-40cm Available 0-20 20-40
cm nutrient (ppm) cm cm
Sand (%) 94.25 93.75 P 1.58 2.33
Silt (%) 4.35 4.43 K 43.35 42.86
Clay (%) 1.40 1.82 Zn 0.34 0.39
Texture Sandy Sandy Fe 4.59 4.35
class Mn 0.85 0.72
Cu 0.87 0.98

One of the two sets of soil temperature thermocouple sensor was placed between A and
B plots and the second between C and D plots. The sensors were placed at four depths
as 0.05, 0.10, 0.15 and 0.30 m, from the soil surface. Data logger recorded the degree
of soil temperature every 15 minuets which recorded (96 reading/day/sensor).

After the end of the experiment, data of the two sets were calculated the average
temperature for each depth, to represent the four depths of four square meter.
Variations of soil temperature were taken by regarding the recorded temperature from
1to 302 DOY and every month with own days.

The first cut of alfalfa plants after plantation was at 1 DOY for plot A, at 8 DOY for
plot B, at 15 DOY for plot C and at 22 DOY for plot D. These cuts were not taken into
account of the experiment because they were regarded the plantation cuts and not
subjected to symmetrical period for plant growth and on terms of parallel soil
temperature readings.

Forty plant cuts and forty soil samples in the same time a day (10 a.m.) were
collected from the overall experiment started from 29 DOY of plot A, then 36
DOY of B, 43 DOY of C, and 50 DOY of D, then repeat the cycle nine time
(total ten cycle) as shown in Table (2). Soil temperature of 28 days versus
every growth period were average of 2688 reading to every sensor, start from
1to 302 DOY, they tabulated and depicted weekly (listed in Table 2).

Soil and plant samples were taken every cut from each plot according the trial period
and subjected to analyses. Soil available nutrients were determined according to
Murphy and Riley, (1962), Jackson, (1967), and Soltanpour, (1985). Dry weight
and plant nutrients content were determined according to Richards (1954). Statistical
analyses had been done according to Freed et al., (1989).

. A | B |
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Table (2): Alfalfa plant growth periods (days), time of plant cuts
(DOY), soil sample and the soil temperature through the growth
period of each plot (number of cuts are 40 cuts).

Plant Plot Plant growth Plant Plant cut and Plantcut | Number
Cut symbol (DOY) growth soil sample at and soil of
No. From | To period (DOY) sample at | reading

(days) dayhour
1% Al 1 29 28 29 10 a.m 2688
2" B1 8 36 28 36 10 a.m 2688
3" c1 15 43 28 43 10 a.m 2688
4" D1 22 50 28 50 10 a.m 2688
50 A2 29 57 28 57 10 a.m 2688
6" B2 36 64 28 64 10 a.m 2688
70 C2 43 71 28 71 10 a.m 2688
g™ D2 50 78 28 78 10 a.m 2688
om A3 57 85 28 85 10 a.m 2688
0™ B3 64 92 28 92 10 a.m 2688
11" c3 71 99 28 99 10 a.m 2688
12" D3 78 106 28 106 10 a.m 2688
13" Ad 85 113 28 113 10 a.m 2688
14" B4 92 120 28 120 10 a.m 2688
15" c4 99 127 28 127 10 a.m 2688
16" D4 106 | 134 28 134 10 a.m 2688
17" A5 113 | 141 28 141 10 a.m 2688
18" B5 120 | 148 28 148 10 a.m 2688
19" C5 127 | 155 28 155 10 a.m 2688

20" D5 134 | 162 28 162 10 a.m 2688
21% A6 141 | 169 28 169 10 a.m 2688
22" B6 148 | 176 28 176 10 a.m 2688
23" C6 155 | 183 28 183 10 a.m 2688
24" D6 162 | 190 28 190 10 a.m 2688
25" A7 169 | 197 28 197 10 a.m 2688
26" B7 176 | 204 28 204 10 a.m 2688
27" c7 183 | 211 28 211 10 a.m 2688
28" D7 190 | 218 28 218 10 a.m 2688
29" A8 197 | 225 28 225 10 a.m 2688
30" B8 204 | 232 28 232 10 a.m 2688
31" cs8 211 | 239 28 239 10 a.m 2688
32" D8 218 | 246 28 246 10 a.m 2688
33" A9 225 | 253 28 253 10 a.m 2688
34 B9 232 | 260 28 260 10 a.m 2688
35™ c9 239 | 267 28 267 10 a.m 2688
36" D9 246 | 274 28 274 10 a.m 2688
37" Al0 253 | 281 28 281 10 a.m 2688
38" B10 260 | 289 28 288 10 a.m 2688
39™ C10 267 | 295 28 295 10 a.m 2688
40™ D10 274 | 302 28 302 10 a.m 2688
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RESULTS AND DISCUSSION:
1- Variations of sandy soil temperature through depths:

Data of soil temperature were recorded every fifteen minutes for each
selected depth, from the 1 DOY until 300 DOY, and every month with own
days, which recorded daily according to Julian calendar that regard the year
equal 365 or 366 days (DOY).

The values of soil temperature (Figs.1 & 2) show that the average monthly soil
temperature drawdown in the four depths at day night which continued at day light
then start to draw up. The three surface depths (0.05, 0.1 and 0.15) behaved in similar
way, where the minimum soil temperatures were recorded at the hour of 8", 8", 7" 7™
Gth, 6”‘, 8th, 8th, 8" and 8™ O’clock a.m. for the following months from January to
October, respectively. As for those of the depth of 0.3m, the values decrease also, but
they started increased from the time of 10", 10", 9" 9™ 9™ 9™ 10™ 10™ 10" and 10"
O’clock a.m. at the ten abovementioned months, respectively.

Soil temperature for the three surface depths reached the maximum values at
the hour of 3, 3 3 39 31 34 4" 5" 4" and 4™ O’clock p.m. for the
following month from January to October respectively, while those for depth
0.3m, the values reached maximum at the time of 6™, 6", 7" 7", 7™ 7% g™ 8™,
8" and 7™ O’clock p.m. for the same months, respectively, then they started to
decrease. It is worth to mention that soil temperature start to decrease at the
night until the seventh to eighth O’clock a.m. after sunrise, while it increased at
the day until the third to fifth O’clock p.m. at the surface layers depth for the
previous periods. However the temperature values of the studied deepest layer
(0.3m) decreased at night until the ninth to tenth O’clock a.m., after sunrise, and
increase until the sixth to eighth O’clock p.m. after sunset. Teasdale and
Mohler (1993) mentioned that organic mulches decreases the maximum but
increases the minimum soil temperature.

Soil temperature varies from month to month as a function of incident solar radiation,
rainfall, seasonal swings in overlying air temperature, local vegetation cover, type of
soil, and depth in the earth. The minimum and maximum soil temperature are listed in
Table (3) and depicted in Figs.(3 & 4) which show that during the summer period, the
soil temperature was higher in comparison to winter period. Depth average of soil
temperature of the months from January to October as depicted in previous mentioned
curve figures were ranged between 11-16, 10-17, 12-19, 15-22, 20-27, 23-30, 26-31,
25-29, 24-28, 21-25°C respectively.

Fig.(1) explained that soil temperature for the four depths (0.05, 0.1, 0.15 and 0.3m)
decreased through the month of January and the minimum depression was at February,
where it reached 12.26, 12.43, 12.18 and 12.97°C for the following previous depths,
respectively. The values started to increase from this date till the seventh of July where
reached 28.79, 27.89, 29.13 and 28.61 for the previous depths. The average values of
the minimum were 6, 6.64, 6.07 and 9.33°C in February and the maximum were 35.58,
34.83, 38.15 and 31.79°C in July for the aforementioned depths (table 3). Generally,
the same trend in the soil temperatures was at the four depths. Thus in spring, the soil
naturally warms more slowly and to a lesser extent than the air, and by summer, it has
become more warm than the overlying air. Likewise in autumn, the soil cools more
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slowly and to a lesser extent than the air, and by winter it is warmer than the overlying
air.
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Fig.(1):Every line for every figures represent the
temperature from January to October.

34
depth of daily average of soil

-

—
-

monthly average

-

30

~
~

_ - = <

* s>

26

~
-~

22

18

Temperature (C)

14

10

S PR R [ e

HW =% Feb
SIS 3 ¢///N —=a— March

\;;;4// | April

—+— May

et - ---Jun

~"'-~~_‘_ __»"./A/A/ \A\&\A\A\A\A\‘,\ =- = 'July
m —o— August

_— ~—— | sent

E—— Oct

1 3 5 7 9 11 13 15 17

Hourly average reading

19 21 23

Fig (2): Soil temperature of depth average represented 24 h a day for every

monthly average

Table (3): Minimum and maximum average soil temperature (°C) of the four

depths of ten months.

Months Minimum temperature Maximum temperature
0.05m | 0.Im | 0.15m | 0.3m | 0.05m | 0.1m | 0.15m | 0.3m
January 8.68 9.12 8.60| 1152 | 19.48| 19.00| 19.47| 15.86
February 6.00 6.64 6.07 933 | 2235| 2096 | 21.16| 17.64
March 9.40 993 | 10.26 | 12.21| 2399 | 2249 | 2256 | 18.49
April 9.76 6.94 9.65| 13.34| 31.16| 28.77| 31.36| 25.06
May 1598 | 1435| 1554 | 1845| 34.30| 31.31| 3457 | 27.78
June 19.68 | 15.43| 1949 | 22.24| 33.13| 33.44| 36.90| 29.89
July 2451 | 20.85| 24.68| 26.34| 3558 | 34.83 | 38.15| 31.79
August 23.33| 14.10| 23.24| 2489 | 33.70| 30.76 | 33.05| 30.02
September 20.00 | 17.83| 20.49| 2250| 3240 | 29.10| 32.74| 28.82
October 16.85| 18.32| 17.06| 19.65| 2855| 26.86| 29.46 | 26.09
Mean 15.42 | 13.35| 1551 | 18.05| 29.43| 27.75| 29.94 | 25.14
The shadow values are the minimum and maximum data
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Fig (3): Minimum, maximum and average of soil temperature represent
the studied months and depth average.
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Fig.(4): Minimum, maximum and average of soil temperature represent
the studied days (as Julian calendar),(DOY=Day Of Year).

2-Alfalfa dry weight (kg/m?) and soil temperature (C):

Many environmental factors influence the growth and development of
plant root systems. Among these factors are soil strength, soil water
status and soil aeration, as well as soil temperature. Plant roots grow in
diverse thermal environments and relatively small changes in soil
temperature can have a significant impact on the development of the
root system depending on the stage of growth of the plant and the
duration of the temperature change. Data listed in Tables (4) showed
that alfalfa dry weight values range between 1.67 at soil temperature
13.20°C and 6.70 kg/m?® at soil temperature 26.20°C. Thereby, it was a
significant correlation between dry weight (Kg/m? and average
temperature through the period of cut. Fig.(5) shows that dry weight
more or less increase with increasing soil temperature, while it was not
matched exactly with average soil temperature, this may be due to other
factors not interested in this research, also, in Fig.(6) ascending rank of
alfalfa cuts was congruent with the previous trend.

Temperature (C)
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5
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Fig (5): Average soil temperature and dry weight of alfalfa crop through
cuts
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Fig (6): Rank dry weight of alfalfa crop cuts and mean soil temperature,
(rank mean damping the refine values).

Table (4): Dry weight of alfalfa (kg/m?) and average of soil temperature
through 28 day every cut.

Cut T Cut T
DOY | No. | (°C) | Kg/m* | DOY | No. | (°C) | Kg/m?
29 1 13.41 2.55 169 21 2510 | 4.70
36 2 13.20 1.67 176 22 2544 | 5.60
43 3 12.46 1.95 183 23 2620 | 6.70
50 4 12.62 2.50 190 24 2740 | 3.20
57 5 12.88 2.45 197 25 28.39 | 3.40
64 6 13.34 2.10 204 26 2854 | 5.70
71 7 14.19 3.70 211 27 2850 | 5.70
78 8 14.60 2.90 218 28 28.05 | 3.55
85 9 14.84 3.30 225 29 2776 | 4.05
92 10 | 15.13 5.40 232 30 2757 | 3.40
99 11 | 15.93 4.10 239 31 2719 | 6.50
106 12 | 16.08 3.30 246 32 2663 | 5.00
113 13 | 16.84 3.25 253 33 26.19 | 3.70
120 14 | 1811 3.15 260 34 26.04 | 3.40
127 15 | 18.86 3.10 267 35 2598 | 3.20
134 16 | 20.00 3.95 274 36 2590 | 3.07
141 17 | 21.05 3.30 281 37 2517 | 2.40
148 18 | 22.60 3.30 288 38 2434 | 2.30
155 19 | 24.28 5.60 295 39 2386 | 1.87
162 20 | 2475 3.45 302 40 2287 | 2.46
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The shadow values are the minimum and maximum values of dry weigh
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3- Soil temperature ( °C ) and soil available nutrients contents (ppm):
Evidence is presented to show that both morphological changes and
changes in root function such as water and nutrient uptake are
influenced by changes in soil temperature. Genetic diversity in the
growth of roots in response to temperature was also shown to occur.
The values shown in Table (5) revealed that soil available K, Mn and
Zn are not related to soil temperature which was not significantly
correlated. As for available Fe, it was highly significant and positive
correlated with soil temperature. Table (6) showed that soil available Fe
ranged from 2.67 and 17.33 ppm. Fig (7 and 8) showed that Fe
increased in the summer season, also ascending ranked soil available Fe
increased with soil temperature. These results were consistent with
those obtained by Bhowmick, et. al. (2013).

Table (5): The correlation coefficient between soil temperature (°C) and
alfalfa dry weight (kg/m?), also between soil temperature and available
contents of nutrients (ppm).

Soil available (ppm)
T (C°) Kg/m? K Fe Mn Zn
Ns
T(C®) **
Ns
Ns

NS = not significant, *, ** = significant
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Fig. (7): The average of soil temperature and soil available content of Fe at
three depths, (DOY=Day Of Year).
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Table (6): Ascending rank of soil available Fe and soil temperature (°C)

Fe Soil temperature (°C) at different depths
(ppm) 0.05m 0.1m 0.15m 0.3m
2.67 16.49 14.55 16.54 16.75
4.00 17.76 16.95 17.81 17.98
4.67 17.07 16.23 17.09 17.22
5.33 22.58 21.18 22.84 22.56
5.67 14.52 14.65 14.46 14.76
6.00 20.51 19.35 20.62 20.62
6.67 18.16 17.58 18.25 18.51
10.00 28.45 26.52 28.84 28.40
11.00 26.59 23.68 26.87 27.00
12.00 23.68 23.67 23.92 24.16
13.00 28.27 26.01 28.52 28.25
14.00 25.20 24.37 25.48 25.63
14.33 26.85 23.75 27.01 27.15
14.67 27.30 24.48 27.27 27.45
15.33 27.46 24.94 27.61 27.63
15.67 24.29 23.87 24.50 24.71
17.33 26.08 24.50 26.47 26.54

(Rank means damping the refine values)
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Fig (8): Ascending rank of the average soil available Fe and soil
temperature, (Rank means damping the refine values).
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4- Soil temperature ( °C) and plant nutrients content (ppm)

The concentrations of plant -N, -P and —K (ppm) were negative highly
significant correlated with soil temperature (Table 7). Those may be
due to dilution for the increase plant growth with soil temperature. That
can be sure for the uptake of these nutrients, which P and K (mg/m?) are
positive correlated with soil temperature except N was negatively
correlated. DONG, et. al. (2001) concluded that a combination of low
soil temperature and plant developmental stage influences the ability of
apple trees to take up and use N from the soil in the spring. Thus, early
fertilizer application in the spring when soil temperatures are low or
when the aboveground portion of the tree is not actively growing may
be ineffective in promoting N uptake.

Table (7): The relation between soil temperature and nutrients available
contents (ppm) and uptake (mg/m?).

Nutrients concentration Nutrients uptake
T (ppm) (mg/m?)

N P K N P K
12 4.06 0.47 3.48 93.29 10.91 80.28
13 4.38 0.46 3.60 92.11 9.53 75.45
14 4.12 0.45 3.53 135.89 14.73 116.44
15 4.38 0.39 2.98 137.17 12.40 99.55
16 4.38 0.37 3.33 126.68 10.74 98.02
18 4.27 0.43 3.27 133.31 13.13 102.03
20 3.71 0.37 3.41 146.55 14.62 134.83
21 3.58 0.38 3.37 117.98 12.54 111.08
22 3.95 0.40 3.37 112.24 11.25 96.07
23 3.73 0.44 3.17 69.75 8.23 59.25
24 3.75 0.40 3.35 137.18 14.45 123.71
25 3.61 0.37 3.23 133.11 13.49 120.95
26 3.15 0.32 3.15 151.67 14.95 148.46
27 3.11 0.34 3.17 129.51 14.55 136.79
28 3.27 0.36 3.07 148.26 16.10 140.25

**

**
*
T(C°) NS
*
**
NS = not significant, *, ** = significant
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Future:

Soil temperature can be modified by regulating soil moisture, proper soil
management practices, good drainage, and application/use of mulching and
sufficient addition of organic matter.

The utilization of molecular modifications of existing germplasm to improve
root growth under adverse soil temperature conditions was presented for
possible future research.
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